Cognitive screening tests are well-established tools for detecting cognitive impairment, but concerns regarding the influence of premorbid intelligence on patient's performance and cognitive status classification remain. Risk of inaccurate assessment especially affects the elders with high or low premorbid intelligence (who are more likely to be misclassified). The present study examines the influence of premorbid intelligence assessed by the TeLPI (an irregular words reading test) on 2 cognitive screening tests, the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA), in healthy participants and patients with cognitive impairments (mild cognitive impairment and Alzheimer disease). Results show that premorbid IQ influences the MMSE and the MoCA scores in both the groups, predicting variance from 8.4% to 33.2%, according to test and group analyzed. Hence, we propose that whenever the MMSE or the MoCA is used, premorbid IQ evaluation should also be considered to ensure correct interpretation and classification.
Introduction
Several studies have demonstrated that performance in screening tests is influenced by sociodemographic variables such as age and educational level. [1] [2] [3] The influence of health variables such as depression or family history of dementia on performance has also been reported in the literature. 2 However, few studies have examined the influence of premorbid ability (or premorbid IQ) on screening tests. [4] [5] [6] Premorbid IQ assessment is considered essential for the clinical diagnosis of dementia and age-related cognitive decline, since baseline test data referring to previous premorbid functioning against which an individual's current performance can be compared are necessary for evaluating the changes in cognition over time. 7, 8 Both the Mini-Mental State Examination (MMSE) 9,10 and the Montreal Cognitive Assessment (MoCA) 11, 12 are widely used as cognitive screening tests. Several studies have concluded that premorbid IQ, along with age and education, is a major predictor of MMSE scores in healthy adults 5, 9 as well as in dementia across a wide range of severity. 6 So far, to our knowledge, no study has been conducted to research the influence of premorbid IQ on MoCA scores, although the effect of age and years of education on these scores has been recently examined. 1 Education has been widely reported as a marker for premorbid IQ. 4, [13] [14] [15] [16] [17] [18] Education level has also been used as a substitute for cognitive reserve, 17, 19 and both brain and cognitive reserve models converge in the assumption that individuals with a high cognitive reserve show a delay in the appearance of symptoms and retain a clinical advantage compared to low reserve patients. 4 In the brain reserve capacity model, 20, 21 clinical or functional impairment will appear only when such reserve is depleted over a critical threshold, varying among patients. In the cognitive reserve model hypothesis, the focus is on the ability to optimize the performance through the differential recruitment of brain networks that may reflect the use of alternative cognitive strategies. 19 It is hypothesized that a greater pathological load is needed to produce the same severity of dementia in those with increased cognitive reserve and that dementia severity predicts the rate of subsequent decline. 22 However, the cognitive reserve model also predicts that higher functioning individuals will show a more rapid deterioration over time. In fact, if greater cognitive reserve allows the brain to cope with a greater amount of damage, when this reserve is exhausted, a faster rate of decline is also expected. 4, 19, 22 Previous findings on the relationship between education and Alzheimer disease (AD) progression have been controversial, with positive association reports, 23, 24 negative associations, 25 and neutral. 26 However, more recent studies on both preclinical and incident AD cases show a positive association between higher education and faster global, memory, and executive decline. 16, 17 The cognitive reserve model predicts a faster rate of cognitive decline when the reserve is overloaded, but slower progression is expected in very mild cases or normal individuals with higher cognitive reserve. 27, 28 Although this paradigm is yet to be established, a measure of cognitive reserve is thought to be useful, 18 since elders displaying high premorbid intelligence are more likely to be misclassified as normal, while those with low premorbid intelligence are more likely to be misclassified as demented. 5 Quantifying relationships between premorbid IQ and cognitive test results should allow for more accurate adjustments of premorbid IQ, when neuropsychological assessment is part of the diagnostic process, 6 and can otherwise contribute to rule out a prior cerebral disease. 29 The development of the irregular words reading test 30 for Portuguese speakers and its validation in mild cognitive impairment (MCI) and mild-to-moderate AD groups 31 afforded the possibility for the study of this relationship in the Portuguese population.
The TeLPI 13 is a reading test containing 46 Portuguese words of decreasing familiarity in similar concept to the National Adult Reading Test (NART)-Revised. 32 Each word presents at least one case of nonbiunivocal and thus irregular graphemephoneme correspondence. Since correct pronunciation of words presenting irregular letter-sound pairings cannot be accomplished through the application of grapheme-to-phoneme conversion rules and guesswork, it has been argued that performance on irregular words reading tests is most likely to depend on previous knowledge than on current cognitive capacity. 32, 33 The TeLPI scores are correlated with the full-scale intelligence quotient (FSIQ) of the Portuguese version of the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III 34 ), and the test incorporates demographic variables in regression formulas that explain 63% of FSIQ variance in accordance with other reading tests that typically report variances such as 55% (NART 33 ), 61% (Hopkins adult reading test 35 ), and 65% (Test of Premorbid Functioning-UK version [TOPF-UK 36 ]). The TeLPI exhibits very good psychometric properties, since it has an excellent internal consistency and test-retest reliability, 13 also in line with research on other reading tests. 35, 37 Hence, the aim of this study is to investigate the influence of premorbid IQ on MMSE and MoCA scores using the TeLPI, both in healthy patients and patients with cognitive impairment and eventually to ascertain the indication for an adjustment of MMSE and MoCA scores according to an expected level of performance.
Methods Participants
The total study sample is composed of 208 participants distributed across 3 groups: (1) the mild cognitive impairment (MCI) group with 53 patients, (2) the AD group with 51 patients, and (3) the cognitively healthy group with 104 adults. Patients were recruited at the Dementia Clinic, Neurology Department of the Coimbra University Hospital (Coimbra University Hospital, Coimbra, Portugal). Healthy participants were selected in the community, matching patients in gender, age, educational level, and place of residence. The demographic data of the participants are provided in Table 1 .
To implement and confirm the standard clinical criteria, all patients were submitted to a comprehensive neurological and neuropsychological evaluation. The neurological evaluation was performed by a neurologist and included: (1) a detailed history provided by the patient and by a reliable source, (2) a neurological examination, and (3) a psychiatric evaluation. Patients were investigated with routine laboratory examinations/analysis for dementia, structural imaging studies (computed tomography [CT] and/or magnetic resonance imaging), single-photon emission CT, and apolipoprotein E genotyping mainly to exclude other dementia diseases or relevant medical conditions. The PET and cerebrospinal fluid analysis were carried out more restrictively but always considered in younger patients (below 60 years of age). The neuropsychological assessment was performed by trained neuropsychologists and included a comprehensive neuropsychological assessment battery with the following instruments: 44, 45 The diagnosis was established by a multidisciplinary team consensus, considering the results of the assessment and based on the international criteria for MCI of the Petersen workgroup 46 and for probable AD. 47, 48 The MCI group included patients classified as ''amnesic MCI'' (single or multidomain 49 ) and with a complementarity-determining region (CDR) classification of 0.5. On the other hand, the AD group included patients only with mild-to-moderate severity (classified with CDR 2 and MMSE ! 12). In addition, the patients were excluded from the study if any of the following criteria were met:
1. Birthplace or completion of formal education outside of Portugal. 2. Inability to read or understand written Portuguese. 3. Acute/instable somatic disease. 4. Recent psychiatric comorbidities or therapeutic changes (6 months prior to the current neuropsychological evaluation). 5. Significant motor, visual, or auditory deficits that could influence the neuropsychological assessment results.
The healthy group participants were recruited in the community and selected for the study according to age (group), gender, educational level, and area of residence in order to match patients belonging to both the clinical samples. As a result, there was an almost perfect match between MCI or axial diffusion groups and associated healthy participants. Inclusion criteria for healthy participants were 1. Birthplace and completion of formal education in Portugal. 2. Ability to read and understand written Portuguese. 3. Absence or correction of motor, speech, audition, or vision disorder. 4. No past history of head injury with loss of consciousness, major psychiatric, or neurological disorders that could affect cognitive ability as well as of chronic unstable systemic disorders with impact on cognition.
No symptoms of cognitive impairment including dimin-
ished autonomy in daily activities. 6. No history of alcoholism or substance abuse. 7. Absence of significant depressive complaints and medication with possible impact on cognition (eg, psychotropic or psychoactive drugs).
Procedures
All participants were recruited between June 2009 and January 2012 and completed the assessment in a single session by a neuropsychologist. Only patients with a complete clinical evaluation, fulfilling the inclusion criteria, presenting a stable clinical condition, and a well-established diagnosis, were considered to be eligible for this study. The healthy condition of the control group participants was also ascertained by an interview performed by a neuropsychologist, using a standard questionnaire that included a complete sociodemographic survey, an inventory of current clinical health status, the past habits, and a medical history. This information was also checked with the general practitioners and/or an informant (usually an individual who lived with the participant or a close relative). All instruments were applied strictly following manual instructions. The present research complied with the Declaration of Helsinki ethical guidelines for human experimentation and was approved by the Ethics board of Coimbra University Hospital, by the ''Fundaça˜o para a Cieˆncia e Tecnologia'' (Portuguese Foundation for Science and Technology), and by the Faculty of Psychology and Educational Sciences Scientific Committee. All patients gave their informed consent after the aim of the study was explained to them. For the patients with AD who were incapable of providing consent, a legal representative provided it on their behalf.
Statistical analysis was performed with the SPSS (version 19.0; IBM SPSS, Chicago, Illinois). Descriptive statistics and chi-square were used for the sample's characterization, and the 2-sample t test, along with the analysis of covariance (ANCOVA) and regressions (Enter method), allowed for group comparisons and variables influence.
Neuropsychological Testing and Materials
In the initial clinical interview performed by a neuropsychologist, the demographic and clinical data were collected though a complete sociodemographic questionnaire, an inventory of current and past clinical health status, the habits, and a medical history. The interview was followed by the administration of the following materials (in addition to the previously mentioned instruments included in the standard battery that was used for inclusion criteria only): MMSE, MoCA, and TeLPI, in this fixed order for all patients.
Both the MMSE and the MoCA are in paper-and-pencil format and are scored out of a possible 30 points, with higher scores indicating better cognitive performance. The MMSE is a screening test grouped into 7 categories: (1) orientation, (2) registration, (3) attention and concentration, (4) recall, (5) language, (6) repetition, and (7) visual construction. The MoCA screens milder forms of cognitive impairment through the assessment of 6 cognitive domains: (1) executive functions, (2) visuospatial abilities, (3) short-term memory, (4) language, (5) attention, concentration, and working memory, and (6) temporal and spatial orientation. The MoCA is a 1-page test with an application time of approximately 10 to 15 minutes and includes a manual where explicit instructions concerning its administration and scoring system are provided. The greater diagnostic accuracy and discriminant validity of the MoCA as a global cognitive assessment instrument in comparison with MMSE 50 justifies its use in the present study.
The TeLPI is an instrument specially developed for the Portuguese population that uses valid regression formulas for estimating premorbid intelligence, which include performance scores (number of errors in irregular words reading) with sociodemographic variables (years of education). 13 The TeLPI is easy to apply, short (3-5 minutes to administer), well tolerated, exhibits excellent concurrent validity, and is, overall, valid for premorbid intelligence estimation in a normal population, filling an important gap in the neuropsychological evaluation of adult Portuguese speakers aged 25 to 86. 13 The TeLPI is composed of a card with 46 printed irregular words, a registering form with the indication of different possibilities for correct pronunciation (according to linguistic variation in Portugal), the regression formulas used for the WAIS-III FSIQ, Verbal Intelligence Quotient and Performance Intelligence Quotient, a manual with explicit instructions concerning its administration and scoring system, and a CD recording admissible pronunciations for European Portuguese, as to simplify scoring. Recording of patients' sessions is recommended, allowing for 120
Journal of Geriatric Psychiatry and Neurology 26 (2) future consideration in the case of doubts regarding scoring (procedure that was followed in the present study).
Results
Characteristics of the groups are provided in Table 1 , considering sample size, age, educational level, gender, residence, MMSE scores, MoCA scores, and 2 TeLPI-related data (number of errors and FSIQ estimation). As mentioned earlier, the control participants were selected as to match patients in the clinical groups and are therefore considered demographically equivalent. Consequently, no statistically significant differences were found between control and clinical groups on age (t (206) ¼ À.81, P > .05), years of education (t (206) ¼ À.46, P > .05), gender (k 2 (1) ¼ .000, P ¼ 1.0), and area of residence (k 2
(2) ¼ .000, P ¼ 1.0). When analyzing differences between the groups (MCI/control and AD/control) in more detail, as for age (t (102) ¼ À.92, P > .05), gender (k 2 (1) ¼ .000, P ¼ 1.0), and area of residence (k 2
(2) ¼ .000, P ¼ 1.0), the nonsignificance relation continues to hold, but since educational levels (1-4/5-9/10-12/>12) were used in defining the sample, the difference between the groups regarding the variable years of education was found to be significantly different (t (102) ¼ 2.44, P < .05). The MMSE scores (t (102) ¼ 11.52, P < .001) and MoCA scores (t (102) ¼ 11.66, P < .001) were also found to be significantly different. Using an ANCOVA for the years of education variable control, no statistically significant differences were observed in number of errors on the TeLPI between controls, MCI, and probable patients with AD (F (2,207) ¼ 1.42, P > .05, Z p 2 ¼ .014), suggesting that the diagnosis has a very slight effect in TeLPI results. 51 In contrast, the difference between the scores in the MMSE (F (2,207) ¼ 186.4, P < .001, Z p 2 ¼ .649) and in the MoCA (F (2,207) ¼ 223.6, P < .001, Z p 2 ¼ .689) was found to be statistically significant between control, MCI, and AD groups, supporting the sensitivity of these instruments in detecting cognitive deterioration. The results on the MMSE and the MoCA represent the deterioration along the spectrum of cognitive impairment, with patients with AD obtaining lower scores than patients with MCI.
In contrast with the results obtained by screening instruments for cognitive deterioration, no statistically significant differences were found between the TeLPI scores (t (206) ¼ .06, P > .05) and the FSIQ estimation (t (206) ¼ À.244, P > .05), confirming that irregular words reading performance is equivalent between control and clinical groups.
Correlations between the variables are presented in Table 2 . The TeLPI-IQ was found to have a significant correlation with MMSE and MoCA in all the study groups. The cognitively healthy group displayed higher correlations than the clinical group between the TeLPI and the MMSE and the MoCA. It should be further noted that these correlations were consistently higher between the TeLPI-IQ and the MoCA in all studied groups. Age was not found to significantly correlate with the TeLPI-IQ in any of the groups studied. On the other hand, as expected, the education variable was found to highly correlate with the TeLPI-IQ in all the groups.
Since previous analyses have shown that TeLPI results are reliable across healthy and clinical groups and that no significant differences were found between them, regression equations In a second step analysis, patients were stratified into 2 separate groups (patients and cognitively healthy groups) and linear regressions were also calculated. As presented in Table 3 In a third analysis, the clinical group was divided according to MCI or AD diagnoses, and linear regressions were also calculated. Table 3 Table 4 is also presented with the correspondence between IQ points and each MMSE or MoCA point gained in the sample.
Discussion
The MMSE and MoCA scores were significantly lower in patients (MCI and AD groups) when compared to healthy 
122
Journal of Geriatric Psychiatry and Neurology 26 (2) elders. In addition, differences observed between the clinical groups were also anticipated and considered representative of the decline along the spectrum of cognitive impairment, with patients with AD obtaining lower scores than patients with MCI. In contrast, the TeLPI scores were not statistically different between these groups when the variable years of education was controlled. These results confirm that the capacity for reading irregular words is preserved in the prodromal and in the initial stages of dementia, as reported in previous studies with irregular words reading tests. 31, [52] [53] [54] [55] [56] According to our results, TeLPI-IQ correlated significantly with both MMSE and MoCA scores as well as with the years of education variable in all the studied groups. Note that TeLPI-IQ correlations with years of education are similar in all the studied samples. The relationships between premorbid IQ, cognitive screening tests, and education in clinical samples have been previously explored with equivalent results. For example, the WTAR 37 exhibits a correlation of .34 between the premorbid functioning and the MMSE in patients with AD that can be considered similar, although smaller than those found in our study for both the MMSE (r[104] ¼ .391, P < .001) and the MoCA (r[104] ¼ .455, P < .001).
Previous studies have also reported the strong and positive relation of education and premorbid IQ on cognitive functioning as measured by the MMSE. 4, 6, [14] [15] [16] [17] For example, the fNART, 53 another instrument of premorbid intelligence estimation, was also highly related to education level in healthy participants (r[388] ¼ .57, P < .001).
Age was also found to be significantly correlated with performance on the MMSE and the MoCA in previous studies. 6, 50 However, in the present study, this was not confirmed for the MMSE in all the study groups and, in what regard to the MoCA, there was a significant, yet weak correlation (a higher correlation exists in MCI group). The absence of a strong correlation between age and the screening tests' scores in our sample can be more substantially due to the smaller size and limited age range of the sample studied (M ¼ 72.78, standard deviation ¼ 7.98; min: 50, max: 91), compared to the other community studies that were conducted with larger samples and participants distributed along a wide age range. The same tendency is observed in the absence of significant correlations between age and TeLPI-IQ scores. Nevertheless, results similar to our own findings have also been reported, 15 sustaining that, if intelligence is associated with health in old age, its effects are weakened by the age of 70, thus explaining the lack of correlations between premorbid IQ and age. In fact, age was also not significant in the models derived from the TeLPI final version validation sample, 13 in line with other premorbid intelligent instruments such as the WTAR, 37 the TOPF-UK, 36 and the NART-SWE 54 that reported no correlation between age and premorbid intelligence when computing the regression formulas.
Although all correlations between the TeLPI-IQ and the screening tests are significant, they are consistently higher with the MoCA. This fact is probably due to MMSE ceiling effects, and also because the MoCA assesses not only more cognitive domains than the MMSE does but also those of greater complexity, such as executive functions, visuospatial abilities, language, attention, concentration, and working memory. 11, 12, 57 Since the capacity for reading irregular words was found to be preserved in the prodromal and in the initial stages of dementia, we first opted to consider our sample as a whole. Our related data are in line with other studies, confirming that premorbid IQ influences both MMSE and MoCA scores. 6 The TeLPI-IQ explains 8.4% of the MMSE variance and 12.3% of the MoCA variance. As a consequence, when considering the sample as a whole (see Table 4 ), 1 MMSE point is gained for every added 15 TeLPI-IQ points, and 1 MoCA point is gained for every added 8 TeLPI-IQ points (other available data are also presented in Table 4 so that different ponderation values can be used according to the clinical preferences). Several misclassification errors can be elicited if this correction is not considered. For example, a patient with 12 years of education and with a score of 28 on the MMSE (according to Portuguese cutoff scores, 27 MMSE score indicates cognitive decline in this range of education) would be classified as nonimpaired. Nevertheless, if a premorbid intelligence IQ measure of, for example, 130 is taken into consideration, 2 points on the MMSE should be pondered, revealing that, in fact, the patient has a real MMSE score of 26 and a possible decline outcome score. In the opposite extreme, if a patient with 9 years of education scores 21 on the MMSE (according to Portuguese cutoff scores, 22 MMSE score indicates cognitive decline in this range of education), the classification of impairment should be proposed. However, if a premorbid IQ of 70 is taken into consideration, 2 points should be added on the MMSE score, resulting in a corrected MMSE score of 23, which is considered normal. The amount of TeLPI-IQ explained variance in MMSE and MoCA may also indicate that TeLPI is not a redundant instrument but a complementary one in an assessment battery for cognitive decline.
Although there were no significant differences on the TeLPI-IQ between clinical and healthy samples, we decided to develop a more thorough analysis considering the sample groups separately (healthy group vs clinical group), so that comparisons with other studies could be drawn. It is also important to emphasize that, given the lack of studies in analyzing the influence of premorbid IQ on MoCA scores, no comparative analysis involving this screening test in the healthy or in the impaired sample could be conducted.
Differences can be observed when comparing TeLPI's-IQ explained variance in the cognitively healthy group and the clinical group on both the MMSE and the MoCA and between the 2 screening tests. According to our results, TeLPI-IQ explained a higher percentage of the variance of the MMSE and the MoCA scores in the cognitively healthy group than in the clinical group (Table 3) . When considering the results of the MCI and the AD groups independently, it can be noted that TeLPI-IQ explains a higher percentage of the variance of the MoCA scores than that of the MMSE scores, following the tendency of the results presented in the previous analysis of this study when the whole sample was considered. Despite the rigorous selection criteria applied in both the groups, other health variables may have potentially influenced the performance of the clinical group and account for the difference between explained variance of TeLPI-IQ in the healthy and clinical sample. This was also found in other studies where parasite variables associated with physical and functional status influenced premorbid IQ estimation in clinical samples, without a comparably relevant impact on the healthy population. 15 In these studies, the crucial importance of taking into account the adaptive ability of an individual within a particular environment, integrating personal cognitive change with more absolute social requirements was also pointed out. Another plausible explanation for these results would include the ceiling effects of both the MMSE and the MoCA in their relation to previous intelligence level. Note that, for healthy participants, 30 points on the MMSE or on the MoCA are typically easier to achieve than for patients in the clinical group, thus originating less variability of the scores in the healthy group, with possible effects on explained variance.
In other studies, the results of both healthy and clinical groups are similar to our own findings. In a clinical group of patients with mild-to-moderate AD, NART-IQ explained 18% of the MMSE variance, 6 whereas in our sample, TeLPI-IQ explained 15.4% of this variance in the clinical group, 9.4% in the MCI group, and 5.5% in the AD group. Besides, the same study concluded that 1 MMSE point is gained for every added 5 IQ points, 6 representing an even greater influence of the premorbid IQ on this screening test when compared to our own results (see Table 4 ). Hence, it is possible for patients with IQs in the superior range to score above cutoff on the MMSE or, by inference, on the MoCA at an early stage of AD. Christensen and Jorm,, 5 studying healthy elders, also concluded that patients with high premorbid intelligence are more likely to be misclassified as normal, while those with low premorbid intelligence are more likely to be misclassified as demented. The need for premorbid IQ consideration in dementia assessment is also expressed in normative cognitive aging studies. 6, 14, 15 The main limitation of the present study is the inability to determine with certainty which variables influence the difference of the TeLPI's-IQ explained variance between clinical and healthy groups, despite the rigorous sample selection that, on the other hand, does represent one of its major strengths. Further studies could benefit from a more thorough physical and functional examination of the samples as to ascertain possible parasite variables. Another limitation is the fact that only the amnesic subtype of MCI (single or multidomain) was considered, restricting the generalization of our results to other forms of MCI. On the other hand, the rigorous methodology followed in the present study represents added value: the samples are well validated, both healthy and clinical groups are homogeneous with equivalent sample sizes (which reduces the possible biases of sample sizes in statistical analysis), there is perfect matching between groups regarding sociodemographic characteristics, and instruments were rigorously applied with no interrater variability. The present study is also the first to examine the relationship between premorbid intelligence and MoCA. The growing use of the MoCA in everyday practice and research (in several clinical groups as MCI, AD, frontotemporal, and vascular dementia) and its overall superiority in comparison with the MMSE as a global cognitive assessment instrument regarding discriminative validity and diagnostic accuracy 50 justifies the importance of our findings.
Our main conclusion is that a single MMSE or MoCA score should not be used to classify a patient as impaired, unless interpreted in the light of original IQ. This perspective may have important implications for clinical practice and the early detection of dementia preventing misclassification errors, and the risk of healthy participants being considered impaired or impaired participants being assessed as cognitively normal. Even if premorbid IQ is taken into consideration in dementia evaluation, borderline cases will still be difficult to assess, because depending on their adaptive cognitive processes, patients may move across the dementia threshold, modulated by factors such as intercurrent physical illness, changed environment, and so forth. 6, 58 Therefore, if the MMSE and the MoCA are to be used as screening tests for cognitive impairment, our data indicate that premorbid IQ scores should also be considered to ensure correct interpretation of results from patients with known or suspected cognitive impairment and for a more rigorous classification and intervention.
